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Abstract. The objective of this paper is to determine the evolution of impervious surfaces in four sites in 
Cluj-Napoca, identify sources of pollution of rainwater runoff, and identify areas in which can be 
implemented bioretention cells, the results serving to the development of an efficient bioretention cell. 
This model should take into account the local characteristics and promotion of sustainable management 
practices of urban rainwater runoff. In order to establish the degree of coverage with impervious surfaces 
and the evolution of impervious surfaces in a nine years period, in the city of Cluj-Napoca, have been 
selected four sites. The following types represent urban locations chosen for research: commercial areas, 
industrial areas, high-density residential areas, low-density residential areas. The results obtained show 
that these sites have various characteristics in terms of land use, the degree of coverage with impervious 
surfaces, the evolution in time of impervious surface, the sources of pollution and the size of areas in 
which bioretention cells can be implemented. The types of studied sites have provided the possibility to 
obtain information that will serve to develop accurate implementation models of bioretention systems, 
with the possibility of extending them in the other areas of Romania, (specifying will be needed minimum 
adjustments depending on the climate characteristic, land use, pollution etc.).   
 




Land use changes and their cover characteristics in urban areas, is not a recent issue  
(Fox et al., 2012). Dennis M. Fox shows that, for example, Euro-Mediterranean coastal 
environment has been subject to rapid changes in land cover characteristics since the end of the 
Second World War. Also, changes in land cover characteristics are not limited to urban areas, 
obvious changes being observed in peri-urban and rural areas (Bellot et al., 2001; Delgado et al., 
2009; Nunes et al., 2011). Land cover, including forests, agricultural land and urban 
development, is the primary means of control of the pluvial runoff. Runoff coefficient, for 
example, is closely related to catchment impermeability (Schueler, 1994). Several studies have 
measured and modeled the impact of land cover change on hydrological basins. Studies 
conducted by Burges et al. (1998); Carlson and Arthur (2000); Cuo et al. (2008); Delgado et al. 
(2009), De Roo et al. (2003); Sullivan et al. (2004); Wu et al. (2007) includes a variety of 
temporal and spatial scales and modeling approaches.  
In general, urban developments tend to decrease the ability of groundwater recharge and 
enhance storm runoff in direct proportion with the increase of impervious surface (Arnold and 
Gibbons, 1996; Konrad and Booth, 2002). In urban and suburban areas, storm runoffs often 
depend on the percentage of impervious surface, and peak flow grows with the urban 
development (White and Greer, 2006). Similar effects were observed when land use was change 
from forest to agricultural (Fohrer et al., 2001). Impervious surface is defined as any material 
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through which water cannot infiltrate, was recognized as an important indicator in urban 
environment assessment and as being a valuable contribution in planning and management 
activities (Lu and Weng, 2009). These areas are mainly associated with transportation routes 
(streets, highways, parks, sidewalks) and buildings. Impervious surface expanding increase 
runoff quantity is a determinant factor of amount storm runoff and of water quality in urban 
hydrographic basin (Bauer et al., 2005). Impervious surface increase and therefore phosphorus, 
sediment loads, and high temperatures can have a negative impact on hydrographic network. 
Percentage of impervious surface in a specific area has proven to be a key factor in overall 
explaining and predicting of the severity of the impact on rivers and watershed. Various studies 
show that most quality indicators of river saw a significantly declining when impervious surface 
of a river basin exceeds 10 percent (Schueler, 1994). In the urban climate zones, Yuan and Bauer 
(2006) have demonstrated a close relation between the size of impervious surface and land 
surface temperatures or the greenhouse effect. It follows that information about the impervious 
surface is fundamental in watershed and urban areas planning and management. Fox et al. (2012) 
in the case study conducted in a Mediterranean hydrographic basin located near St. Tropez, 
France had as main objective analysis of the land cover change features impact on overall storm 
runoff between 1950 and 2003. Aerial photographs were used to classify land cover in three 
urban categories. The authors concluded that in the alluvial plain of the studied river basin 
significant changes were made in land cover between 1950 and 2003. The impact of these 
changes on pluvial runoff was small because forested areas continued to dominate the quantify 
catchment area and other changes in the pattern of land cover have neutralized the effects of 
runoff, with areas approximately equal in influence on growth/reduction of runoff coefficient. 
Thus, it can be said that urban land use changing does not influence storm runoff as long is 
preserved the existing balance between permeable and impermeable surfaces. However, urban 
environment of Romania is exposed to unbalanced changes, characterized by the growth 
impervious surface. In addition, these negative changes affect inclusive suburban areas, forestry 
areas and areas that originally had an agricultural character. 
Urban hydrology has become a subject of interest in last decades (Jens and Mc Pherson, 
1964; Massing et al., 1990) due to the consequences of built surfaces global expansion upon the 
environment. Some of these effects are permanent or long-term, such as impairment of 
groundwater recharge (Rogers, 1994) accompanied by wells salinization. Research in the last 
decade shows that impervious surface will be doubled, for example, in coastal areas by 2020. In 
the same time it is expected that the area occupied by agricultural land to decrease by two thirds 
in certain parts of the world (Bromil et al., 2003; Carmon and Shamir, 1997). Studying the 
specialized literature and analyzing the authors’ conclusions, it is clear that GIS tools and remote 
sensing can be used successfully in land use classification, in determination of impervious 
surfaces changes over time in a given area (Frondoni et al., 2011; Lin et al., 2007).  There are 
GIS tools with varied degree of difficulty that can be used in research of the impervious surface 
degree change in a period of time. Diminishing the negative effect rainwater runoff (due to 
multiple causes including impervious surface growth) can be achieved through implementation of 
the low environmental impact systems (Prince George’s County, 1999). One of the efficient 
systems to manage surface runoff is bioretention cell. A bioretention cell is a relatively deep 
depression, vegetated and designed to capture, detain, and purify surface rainwater runoff before 
they arrive in traditional drainage network or in streams adjacent to a specific area (Malcolm and 
Lewis, 2008). Inspired by terrestrial ecosystems, bioretention cells use chemical, biological and 
physical properties of plant, soil and microorganisms to improve water quality (Prince George’s 
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County, 2007). Bioretention systems have become an important component of low environmental 
impact management methods, especially of water from precipitation, showing that they reduce 
runoff and volume peaks while increasing flow time, infiltration and evapotranspiration (Davis et 
al., 2009). 
The objective of this paper is to establish the evolution of impervious surfaces in four 
sites from Cluj-Napoca, the data following to be used for identifying pollution sources of 
rainwater runoff and identify areas in which bioretention cells can be implemented. The study of 
these conditions is required to obtain a bioretention cell effective model, the data following to be 
used to model and development of a feasible sustainable systems for urban environment of Cluj-
Napoca, Romania. Local features are important and decisive factor in promoting and efficient 
implement of urban storm water runoff management sustainable practices. In the urban 
environment from Romania, and in this case in Cluj-Napoca, impervious surfaces growth is 
clearly visible even after an empirical observation. This paper presents a spatio-temporal analysis 
of impervious surface growth in are four types of sites, typical for urban environment of Cluj-
Napoca: commercial area, industrial area, high density residential area, low density residential 
area.  
MATERIALS AND METHODS 
 
Studied areas. The studied four sites were chosen because: they are located in Cluj-
Napoca, are characteristic for this urban environment, there is, for all four sites, a good Google 
Earth coverage, including images with good resolution for 2011, historical images dating since 
2003 and this enabled data acquisition that can be used to assess changes in the impervious 
surfaces coverage in investigated period. 
Cluj-Napoca is located the central area of Transylvania, in the Somes Mic Corridor, 
located to contact of three major geographical units: Transylvanian Plain, Somes Plateau and the 
Apuseni Mountains, with an area of 179.5 km ², located at the intersection of parallel 46°46'N 
with meridian 23°36 'E. Cluj-Napoca is part of the Somes-Tisa basin. Studied sites, through the 
prevailing characteristics fits within these categories: commercial area, industrial area, high 
density residential area and low density residential area (Fig. 1). 
   
  






For easy identification of studied sites we give following geographical coordinates as 
landmark: the commercial area is located in the Vest of the Cluj-Napoca city, 46°45'32.16”N 
latitude and 23°32'24.78”E longitude; the industrial area is located in the Northeast of Cluj-
Napoca, 46°47'36.52”N latitude and 23°38'3.72”E longitude; low density residential area is 
located in the southwest of Cluj-Napoca, 46°44'43.81”N latitude and 23°34'10.75”E longitude, 
and high density residential area is located in the West, 46°45'8.48”N latitude and 23°33'31.37”E 
longitude. 
Data collection and processing. Analysis of impervious surfaces from land cover 
changes for four areas of the Cluj-Napoca city between 2003 and 2011 was based on high 
resolution satellite data available in Google Earth (hereinafter referred as Google Earth image) 
and use of SketchUp 8 software, software that allows import of Google Earth image at scale and 
surface reconstruction in order to calculate and analyze them. Impervious surface estimation for 
2011 for the studied four sites was made pursuing following steps: (1) establishing the location in 
Google Earth; (2) capture images in JPG format; (2) area of interest importing in SketchUp using 
„Add location” tool; (3) surface reconstruction; (3) impervious surfaces identification; (4) surface 
calculation. Image capture has been made so that subsequently it can be observed as more 
information related to studied sites characteristics: roads, buildings, vegetation, and hydrographic 
network. For year 2011 were captured a total of 16 images.  
Impervious surface estimation for 2003 followed approximately the same steps as 
impervious surface estimation for 2011. The difference is that SketchUp software does not import 
directly with the tool „Add location” historical images provided by Google Earth. Therefore 
steps, in this case, had the following sequence: (1) after establishing the location in Google Earth 
for 2011 and saving the corresponding image in JPG format, was changed the time for year 2003 
using the Google Earth tool “historical images”; (2) available satellite data saving in JPG format, 
from the same altitude and exactly for the same area as those saved for the year 2011; (3) open 
SketchUp file in which were calculated surfaces for 2011- for each location; (4) Google Earth 
historical image import, for 2003, in format JPG, with mention “Use as texture”; (5) positioning 
of Google Earth historical image, JPG format over georeference imported directly into SketchUp 
for the year 2011 (6) position correction and accurate overlapping of the Google Earth satellite 
data 2003 over Google Earth satellite data 2011; (7) surface reconstruction available in 2003 for 
each studied site; (8) identification of impervious surfaces; (9) areas calculation. For year 2003 
have been saved a total of 16 images (Fig. 2). 
    
   
Fig. 2. a) Images used to estimate the degree of coverage with impervious surfaces in year 2003;  
b) Images used to estimate the degree of coverage with impervious surfaces in year 2011 





From georeferences processing in SketchUp software have resulted four SketchUp file. 
After reconstruction of surfaces and their calculation, using the option „Layout” was saved data 
in two formats: as JPG and PDF (Fig. 3). 
 
    
Fig. 3. Images resulting from surface reconstruction in SketchUp 
 
After calculation of impervious surfaces for the years 2003 and 2011, was made a 
comparative analysis to determine the change for a period of nine years in four sites in the Cluj-
Napoca city. In addition, beside impervious surface increase determination for each site,  were 
compared impervious surfaces and their degree of expansion between analyzed categories: 
commercial, industrial, high density residential, low density residential and industrial.  
Comparison was done in order to determine which urban developments have a greater 
influence on the growth of impervious surface. Studied site surfaces differs (Tab. 1), but for 
analyzes that will be used in the study of storm runoff impact and for the efficient determination 
of bioretention systems model that can be implemented will be delineate equal surfaces from 
areas calculated and presented in this paper. 
Tab. 1  
Studied sites areas     
 
Sit Surface (m2) 
Commercial  165745,59 
Industrial  1285559,3 
Low density residential 438953,59 
High density residential 351216,85 
 
RESULTS AND DISCUSSION 
 
Results obtained represent an important starting point for future research concerning 
conditions of bioretention systems implementation in Romania, with the precise application in 
Cluj-Napoca and with possibility to be extended in other urban areas of the country. After this 
research, which had as main objective determination of the impervious surfaces evolution in four 
different urban sites in terms of land use, the results clearly shows a sharp increase in a period of 
nine years of overall impervious surface.  
Thus, in 2003 in the analyzed commercial area the percentage of permeable surface 
cover was 100% (Fig. 4). In 2011, permeable surface lost in favor of impervious surface, a 





In the industrial area, after investigation, no changes were observed regarding 
impervious surface cover between 2003 and 2011. Of the total area studied for this site, 73% is 
occupied by impervious surfaces, and only 23% of permeable surfaces. This percentage has not 
changed during the studied period (Fig. 6). Even if this stagnation of the impervious surfaces 
evolution indicates that the existing industrial areas has no been expanded, this is not conducive 
to positive effects because the extension was not possible for two reasons: (1) most of the studied 
area is occupied by industrial buildings and roads and so there was no potential for further 












In low density residential area there is an accentuated increase of impervious surfaces in 
a period of nine years. Thus compared to year 2003, when impervious surfaces occupied a rate of 
5% of the total investigated, impervious surface in year 2011 has expanded to 27% (Fig. 7, Fig. 
8). Field observations show that the expansion continues in a rhythm equally alert, with negative 
implications for urban area. 
 
 
Fig. 5. Commercial area - the evolution of 
impervious surfaces in 2011 
Fig. 4. Commercial area - the status of 
impervious surfaces in 2003 
Fig. 6. Industrial area - the status of impervious surfaces in 2003 and 2011 
Fig. 7. Low density residential - the status of 
impervious surfaces in 2003 
Fig. 8. Low density residential - the evolution of 
impervious surfaces in 2011 
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In high density residential area was analyzed impervious surfaces growth especially as a 
result of new buildings construction, impervious surfaces represented by street occupying 
approximately the same percentage in the studied period. The results show, in this type of site, an 
accentuated increase of impervious surfaces (between the years 2003 and 2011, there is a 
difference of 19,985.27 m2). This increase arise as a consequence of new developments, mostly, 




Comparative analysis of data relating to impervious surface cover shows that from the 
four studied areas, the most affected is the industrial area, being followed in order by the 
commercial, high density residential area and with the smallest percentage of impervious cover 
the low density residential area (Fig. 10). 
 
 
After comparing the results related to the impervious surface increase during years 
2003-2011, depending on the type of the sites, has been seen that commercial areas are those in 
which impervious surfaces have the highest values (Fig. 11). 
 
Fig. 9. High density residential - the evolution of impervious surfaces between the years 2003-2011 
Fig. 10. Comparative analysis of impervious surfaces (%) between sites 
 
Fig. 11. Comparative analysis of impervious surfaces (%) increase between sites, in 2003-2011 
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Discussions. Regarding the method used Google Earth images and SketchUp 
processing, we can say that is efficient and allows obtaining reliable data, although the difficulty 
degree of using this technique is reduced. Even if Google Earth image quality varies depending 
on location and in some parts of Romania images cannot be interpreted due to poor resolution or 
not update of data, in this case for all chosen sites site we could perform spatio- temporal analysis 
of images using Google Earth. It should be noted, however, that high-resolution commercial 
images hosted by Google Earth are available free only at reduced spectral and spatial resolution. 
However, an image at these resolutions allows observing the major land cover types and to 
distinguish the components of the built environment, including individual houses, industrial 
installations and roads. In addition, it is provided free access to images which otherwise would be 
highly expensive. Google Earth has been called the „democratization of GIS” due to the way they 
exposed the geographical information technology for almost everyone, Geobrowsers being now 
used in an increasing number by scientists because they allow access to data with a spatial 
component remote sensing obtained (Butler, 2006; Goodchild, 2008).  
Related to degree of coverage with impervious surfaces characteristic data of the four 
studied urban sites, it appears that additional reflection is needed to analyze equal surfaces for all 
sites. As a whole, the results show a progressive increase in impervious surfaces in the studied 
areas. The data obtained do not allow at the moment assessment of direct environmental 
consequences of the processes on hydrology change of Cluj-Napoca city. However, considering 
the existing studies in specialized literature, we could say that the resulted increase of impervious 
surface leads to runoff volume growth and deterioration of water quality. Concerning this, Arnold 
and Gibbons (1996) suggests that impervious surface provides a measure of land use which is 
closely correlated with these effects and that the size of impervious surface in a landscape is an 




The types of studied sites provided the opportunity to obtain various data, which will 
serve to develop accurate models of bioretention systems implementation, with possibility to 
extend them in the other areas of Romania (noting that the minimal adjustments will be needed 
according to the climate characteristic, to the land use, the pollution, etc.). 
Given the large area of the industrial site analyzed and the impervious surface coverage 
in percentage of 73% can be said that the impact of urban industrial sites on hydrology is 
considerable even if spatio-temporal analysis does not show changes during the nine years. 
Results show that these sites presents different characteristics in terms of land use, 
degree of coverage with impervious surfaces, evolution in time of impervious surface; additional 
investigations being required in order to determine areas in which bioretention systems can be 
implemented. Therefore, due to the sharp growth of impervious surfaces (commercial site, 
residential low density and high density residential) and the high degree of impervious surface 
coverage (even if were not registered growths in the period studied - in the industrial site) which 
is the primary cause of the increase of runoff volume it appears that implementation of 
bioretention cells in Cluj-Napoca, regardless of the land use, is justified. 
Urban expansion and type of land cover with impervious surfaces is a fundamental 
characteristic of urban and suburban environment, implicitly of Cluj-Napoca city. The results 
reinforce this conclusion, clearly pointing that three analyzed sites shows a sharp increase of 
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impervious surfaces, while the fourth show the highest degree of coverage with impervious 
surfaces. 
Although in the commercial area there was noticed the higher growths of impervious 
surface in this period, the results for the other three sites (industrial, low density residential and 
high density residential) are equally conclusive in research of bioretention cells implementation 
conditions. It is recommended expanding research in order to implement management practices 
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